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Instruction Execution Principles



Processor Memory Interaction
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Execution Cycle
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Processor Memory Interaction



Processor Memory Interaction



How memory works ?



How memory works ?

8KB = 8 x 1KB chips



Measuring Performance

When can we say one computer / architecture design is 
better than others?

Desktop PC : execution time of a program

Server : transactions / unit time

When can we say X is n times faster than Y ?

Execution timeY / Execution timeX = n

Throughput x/ Throughput y                 = n



Measuring Performance

 Typical performance metrics:

Response time

Throughput

Execution time

CPU computation time

 Benchmarks

Synthetic benchmarks

Benchmark suites (e.g. SPEC06, PARSEC, SPLASH)



Benchmark Suite



Benchmark based evaluation



SPEC Ratio

Reference for SPEC 2006: 

Sun Ultra Enterprise 2 workstation with 

a 296-MHz UltraSPARC II processor



Amdahl's Law

 Amdahl’s Law defines the speedup that can be gained by  

improving some portion of a computer.

 The performance improvement to be gained from 

using some faster mode of execution is limited by the 

fraction of the time the faster mode can be used.



Amdahl's Law- Illustration

Example: Suppose that we want to enhance the floating point 

operations of a processor by introducing a new advanced 

FPU unit. Let the new FPU is 10 times faster on floating point 

computations than the original processor. Assuming a 

program has 40% floating point operations, what is the overall

speedup gained by incorporating the enhancement?

Solution: 

Fraction enhanced = 0.4 

Speedup enhanced = 10
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Amdahl's Law for multi-cores



How much Speed up you can achieve ?



Instruction Set Architecture

 Instruction vs Program vs Software

Opcode, Operand

Classification of ISA

Stack architecture

Accumulator architecture

Register-Memory architecture

Register-Register/Load Store architecture



Instruction Set Architecture



Byte Ordering

Big Endian vs Little Endian



Byte / Word Alignment



Principles of Computer Design

 All  processors are driven by clock. 

 Expressed as clock rate in GHz or clock period in ns

 Clock cycle time - hardware technology

 Cycles/Instruction - organization and ISA

 Instruction Count -ISA and compiler technology



 Different instruction types having different CPIs

Principles of Computer Design



A common transformation required in graphics processors is square

root. Implementations of floating-point (FP) square root vary

significantly in performance, especially among processors designed

for graphics. Suppose FP square root (FPSQR) is responsible for

20% of the execution time of a critical graphics benchmark.

One proposal is to enhance the FPSQR hardware and speed up

this operation by a factor of 10. The other alternative is just to try to

make all FP instructions in the graphics processor run faster by a

factor of 1.6; FP instructions are responsible for half of the

execution time for the application. Compare these two design

alternatives using Amdahl's Law.

Design Example



Reading Exercises

 Computer Architecture-A Quantitative Approach (5th edition), 

John L. Hennessy, David A. Patterson, Morgan Kaufman.

 Chapter 1.8 – Measuring, Reporting and summarizing 

Performance

 Chapter 1.9 – Quantitative Principles of Computer Design
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